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from the fact that the performance of the network is priory nondeterministic and may change 
according to the load in the network. Respectively, this perturbed operation of the 
communication network may affect on efﬁciency and performance of the control application. 
This work focuses on performance improvement of a control application that is controlled 
over a switched Ethernet network. In such networks main network parameter that may pose 
perturbation in performance is the network-induced delay. With novel network 
instrumentation and network performance estimation methods the behavior of the network-
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First, a method for measuring the network information, particularly the network-induced 
transmission delay, is presented. Next, this information is utilized in control design. Two 
control approaches are developed, which differ with respect to the time-variant behavior of 
the delay measurements. A Smith predictor based approach is proposed for the case where 
network time delay variation is low, and polynomial system based time variant controller and 
observer design is proposed for the case where time variation is high. Second, methods for 
estimating the network-induced transmission delay, is presented and utilized in control 
design. Two control approaches based on robust control theory are developed, which differ 
with respect to ability to take into account in addition of delay variation also other uncertainty 
sources, such as model uncertainty and measurement errors. 
The developed control designs are tested with simulations as well as on the experimental 
platform. From the results it is clear that utilization of the methods improve performance of 
the application. From the results it is also clear that no single method is suitable for all the 
cases, but the choice should be based on detail investigation of available instrumentation, 
magnitude of network delay variation, and uncertainty sources coming from the process. 
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Teollisuuden tietoliikenneverkkojen kehittyessä kohti teollisuus-Ethernet pohjaisia 
järjestelmiä on häiriöttömän toiminnan varmistamiseksi kiinnitettävä huomiota verkon 
ohjaukseen ja verkon parametrien monitorointiin ja estimointiin. Eräs päähaasteista 
Ethernet-pohjaisten ratkaisujen käytössä prosessien ohjaussovelluksissa on verkon 
suorituskyvyn epädeterministisyys eli sen suorituskyvyn muuttuminen kuormituksen 
mukaan. Verkon häiriöllinen toiminta voi edelleen vaikuttaa ohjaussovelluksen 
suorituskykyyn ja tehokkuuteen. 
Tässä työssä keskitytään sellaisen säätösovelluksen suorituskyvyn parantamiseen, joka on 
rakennettu Ethernet-verkkoa hyödyntäen. Tällaisissa verkoissa parametri, joka voi aiheuttaa 
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instrumentointimenetelmillä ja toimintaparametrien estimointimenetelmillä 
tietoliikenteestä aiheutuva viive voidaan arvioida ja käyttää tuloksia säätösuunnittelussa 
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vastaavasti tapaukseen, jossa viiveen vaihtelu on suuri. Seuraavaksi työssä esitetään 
menetelmä, jolla voidaan estimoida verkosta johtuvaa viivettä, ja tätä tietoa käytetään 
edelleen hyväksi säätösuunnittelussa. Työssä kuvataan kaksi robustiin säätöteoriaan 
pohjautuvaa menetelmää, jotka eroavat toisistaan siinä, kuinka hyvin ne huomioivat verkon 
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mittausvirhettä. 
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2 Industrial communication technologies  
2.1 Current industrial networking architecture  
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ERP systems
(business processes, logistics)Level 4
Level 3
Level 2
Device networks (Digital field buses)
MES systems
(production planning, maintenance, quality control)
Process control related information systems
Field devices
Process
Level 1
Level 0
DCS, PLC
Automation network (field buses, also Ethernet – TCP/IP)
Operations informations network (Ethernet – TCP/IP)
Business information network (Ethernet – TCP/IP)
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2.2 Evolution of process layer communication networks 
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Transmit Process
Assemble frame
Wait interframe gap and start submission
Send jams and increment attempts
Compute backoff and wait backoff time
Collision detected
Too many attempts?
Successful
transmission
Unsuccessful transmission,
excessive collisions
Transmission done?
Channel busy?
yes
no
yes
yesyes
no
no
no
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2.4 Switched Ethernet as an improvement of the standard Ethernet 
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3.1 Structure of the networked control system 
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3.7 Control strategies specifically addresses for switched Ethernet 
based networks 
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3.8 Summary of existing control methods for NCS 
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4.1 Control of NCS using network end-to-end delay measurements  
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4.2 Time varying control method for a NCS 
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4.3 Control of a NCS using delay estimates obtained from a network 
model  
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4.4 Control of a NCS using delay estimates obtained from a network 
model and information on process related uncertainties  
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5 Control of a NCS using delay measurements  
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5.1  Network transmission delay measurement 
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6.1 On commutativity of time-varying linear systems  
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6.2 Polynomial systems theory applied to compensation of time-
varying delays in networked control systems 
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6.3 Simulations of the polynomial system-based approach in the 
Matlab environment 
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8 Enhanced control of a NCS using delay 
estimations and information of the measurement 
quality  
	
		
		
	&*	

+ 	!

	
	
!
	

	 
 	 	 ! (  	  
			 
				
  ++ 	  (   
 		
 
 	 	  
 	    	 
!  
 	  	  
	 
!   
 	 

	( 4 	 !	A 	  
	    	
	  

I 
 	 
  
 !  

!  I   
   
   	I
	 	  	
   
 
  	  "		
	(

8.1 Robust control design for delay and measurement error tolerance 
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